Evidence suggests that newly licensed physicians are not adequately prepared to prescribe medications safely. There is currently no national pre-licensure prescribing competency assessment required in North America. This study's purpose was to survey Canadian medical school leaders for their interest in and perceived need for a nation-wide prescribing assessment for final year medical students.
their graduates' quality, 262 (80.4%) thought it should be incorporated into their medical school curricula and 248 (76.0%) into the national licensing process. Except in regards to close supervision due to concerns, there were no significant differences between schools' responses.
Conclusions
Amongst Canadian medical school leadership, there is a perceived inadequacy in medical student prescribing competency as well as support for a standardized prescribing competency assessment in curricula and licensing processes.
BACKGROUND AND RATIONALE
Prescribing medication is the most common therapeutic intervention of most physicians worldwide, with 3.4 billion, 1 billion, 500 million prescriptions annually in the United States, United Kingdom and Canada respectively at a total cost approaching $460 billion. [1] [2] [3] [4] [5] [6] Medications are a frequent source of serious adverse events, including hospitalization and death. [7] [8] [9] [10] [11] An ever-expanding formulary of potent medications with treatments now available for specialized circumstances combined with an increasingly aged and chronically diseased population has led to complex medication regimens being commonplace.
Since every physician regardless of speciality needs to prescribe, high quality clinical pharmacology and toxicology training for medical students is increasingly crucial. A review of malpractice complaints between 2006 and 2012 revealed that prescribing-related issues were common causes of medicolegal action against physicians. 12 The area is of sufficient concern that the ability to write a high quality prescription and counsel accordingly, is being developed in Canada and the United States as a required Entrustable Professional Act (EPA) which all graduates must master. 13 Similarly Britain's Royal Pharmaceutical Society has released a prescribing competency framework to be used not only by educators but also regulators. 14 Studies have indicated that newly licensed physicians are not well prepared to prescribe. [15] [16] [17] These findings, along with a series of serious medication safety incidents, led UK education leaders in clinical pharmacology to institute an online prescribing assessment. More than 53,000 final year medical students have completed the exam over the last few years, with a high pass rate. [18] [19] [20] Student feedback was very positive highlighting the fairness, comprehensiveness. and widely recognized need for such an assessment. [18] [19] [20] Early follow-up data suggest increased confidence when prescribing as a first-year resident, and increased familiarity with important prescribing resources such as the national formulary of medications. [18] [19] [20] However, based on literature searches using MEDLINE via OVID, CINAHL, Cochrane, and Google Scholar from 2000 to 2016, we could not find evidence that any other country has yet adopted a national prescribing competency assessment.
Clinical Pharmacology and Toxicology (CPT) is a much younger and smaller specialty in Canada compared to the UK equivalent of Clinical Pharmacology and Therapeutics. 21, 22 This might mean that the discipline, given the fierce competition for curriculum time in medical schools, is not being adequately covered. Within the CANMEDS framework of medical education, CPT knowledge and prescribing skills competencies require every domain within the Medical Expert umbrella. 23 A small study at McMaster University suggested that medical students perceive CPT training to be inadequate, an issue likely not limited to one medical school. 24 In follow-up, researchers initiated development of the McMaster Prescribing Competency Assessment (MacPCA) for medical trainees. The validation study showed that a prototype adapted from the UK Prescribing Safety Assessment, was perceived to be clear, unambiguous and appropriate for a final year student. 25 Nation-wide implementation of a prescribing competency assessment would hinge on the interest of a country's medical school leaders. This interest is likely to be related to school self-assessment of the perceived knowledge and skills gaps of their graduating medical class, unmet societal demands perhaps reflected in complaints or medication safety incidents, and the availability of a relevant, high quality assessment tool. The previously described literature review did not yield any reports of a national clinical pharmacology or prescribing competency needs assessment.
Study Goals and Objectives
The objective of this study was to gauge the opinions of Canadian medical school leaders on prescribing competency and their interest in implementation of a standardized assessment for final year medical students.
METHODS

Ethics
This project received an expedited review by the Research Ethics Officer of the McMaster Student Research Ethics Committee, a division of the Hamilton Integrated Research Ethics Board (HiREB).
Design and Setting
The study was a cross-sectional survey carried out in the spring of 2015.
Study Participants
We attempted to identify all leaders -deans of medicine, undergraduate deans of medical education, clerkship directors, and residency program directors, involved in the education of graduating class medical students at each of the 17 Canadian medical schools. Contact information including name, role and e-mail was retrieved from the medical schools' respective online faculty lists.
Survey
The survey sought to gauge opinions on the need for and appropriateness of a national prescribing skills assessment as part of the pre-Medical Council of Canada licensing process. To maximize replies, we aimed for a survey that could be completed within 10 -15 minutes. Questions were developed to gather: 
Dissemination
Dissemination of the survey as well as data collection was carried out electronically using SurveyMonkey's Select plan, chosen for its familiarity, ease of use and integration with data analysis tools. 26 Each eligible faculty member was sent a unique, de-identified survey ID-associated link by email. Surveys were sent between Feb 13 th and April 4 th , 2015; up to 11 reminders were sent out at weekly intervals to nonresponders and incomplete responders.
Outcomes
The primary outcome was defined a priori as the rate of agreement with the statement "If there was a Canadian Prescribing Skills Competency Assessment available online, I would want it incorporated into my graduating medical school class's curriculum."
Statistical Analysis
In order to perform a confidence calculation, we estimated the total sampling frame size to be 1095 faculty members. To be 95% confident in detecting a 60% level of interest in standardized testing with a margin of error of 10 percentage points, 85 responders were required. 27 Most analyses were descriptive; differences in responses from different medical schools were analyzed with log-linear analysis using Statisti-cal Analysis Software by SAS Institute. The primary outcome was analyzed after Multiple Imputation to reduce the effects of incomplete answers.
RESULTS
Respondent Characteristics
Seven-hundred forty-six residency directors, 59 vice deans of medical education or equivalent, and 235 clerkship coordinators were identified. 1040 surveys were distributed, 12 of which bounced, leaving 1028. Three hundred and seventy-two (36.2%, n = 1028) faculty responded with representation from each of 17 medical schools. Fifty-two (14.0%) surveys were incomplete. 277 (74.5%) respondents were residency directors, 33 (8.9%) vice deans of medical education or equivalent, and 62 (16.7%) clerkship coordinators. 37.1% of contacted residency directors responded, 55.9% of contacted vice deans of medical education or equivalent responded, and 26.4% of contacted clerkship coordinators responded.
Detailed responses to each questionnaire are shown in Table 1 . Three-hundred forty-five (93.7%, n = 368) respondents believed that a common threshold of prescribing competency for all Canadian medical students is important. A mean of 23.4% (SD 22.9%) of medical students were judged by their faculty to not meet satisfactory prescribing knowledge and skills at the time of their graduation. There was large variability in the comfort of faculty with the prescribing abilities of first-year residents (many of whom would be graduates of other medical schools) under their supervision, but 44.8% (n = 292) thought that 34% to more than 50% of first-year residents required close supervision. For this question only, there was statistically significant variability amongst the medical schools (p = 0.04). 38 (11.6%, n = 328) respondents reported awareness of examples of major harm to patients due to one of their medical student alumni's poor prescribing skills. 239 (73.3%, n = 326) agreed or strongly agreed that a standardized prescribing competency exam would improve the quality of medical graduates.
For our primary outcome, 262 or 80.4% of respondents were interested in incorporating an online prescribing assessment into their medical curriculum, with no significant variability between schools. This was significantly more than our threshold of 60% of respondents choosing Agree or Strongly Agree (p < 0.001). In addition, 248 (76%, n = 326) respondents agreed or strongly agreed that it should be a part of the licensing process in Canada.
DISCUSSION
This study of Canadian medical school leadership's perceived need for a prescribing competency exam, is the first of its kind internationally. Our results suggest near-universal recognition of the importance of prescribing competency, evidence of concern regarding the current adequacy of training, and widespread support for a standardized prescribing competency assessment. Unfortunately, no such competency assessment currently exists in Canada.
The survey does have limitations. First, the survey response rate (34.6%), although compatible with other surveys of busy physicians, was relatively low but did include responders from each school. [28] [29] [30] Second, there may be a tendency for those who are more interested in the implementation of a standardized prescribing competency exam to respond to the survey, thus resulting in an overestimation of interest. Third, the survey software used allows participants to leave some questions incomplete, leading to imperfect response rates for some questions. In an attempt to minimize this bias, we kept the survey length to a minimum, with an expected completion time of approximately 10 minutes. Finally, a survey is only able to measure perceived rather than actual prescribing competence. Our findings support the initiatives in the UK where pre-licensure assessment is mandatory and must be successfully passed to proceed to licensing exams. The current work in North America on Entrustable Professional Activities does not emphasize the importance of prescribing, therefore is unlikely to improve competency amongst graduates. 13 We are currently creating a Canadian prescribing competency framework with competencies mapped to CANMED roles and piloting a version of the Prescribing Safety Assessment in Ontario medical schools.
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CONCLUSION
While acknowledging the potential respondent bias, we believe there is concern amongst medical education leaders about the prescribing competency of many graduating medical students and incoming residents. In addition, there is considerable support for a standardized prescribing competency assessment of medical students. This survey supports our current efforts to advance prescribing competency nation-wide.
TABLE 1 Participant Responses
Q1. How important is it for graduating medical students in Canada, no matter what specialty training they will undertake, to meet a common threshold of prescribing competence (n = 368).
Very Unimportant
(3.5%)
Not Important 2(0.5%) Q7: A standardized test of prescribing knowledge and skills should be a formal part of the licensing process of Canadian medical school students (n = 326).
